inTrODUcTiOn Ischemic stroke (IS) is one of the major clinical and social problems in the world. It is the second cause of death after coronary heart disease and the main cause of disability among adults (1) (2) (3) . According to the Global Burden of Disease study, in the years 1990-2010, around 70% of all strokes took place in lowand middle-income countries (LMIC), with Poland included until 2008 (3) . Like the other countries of Central and Eastern Europe, Poland belongs to the so-called "high cardiovascular risk group" (4). Global stroke incidence decreased over the past three decades by 12% in high-income countries, whereas in LMIC, it increased by 12% (3) . Until the year 2009, data on IS incidence in Poland were available only for a few metropolitan areas (5) (6) (7) (8) (9) (10) (11) . Data on IS mortality were more extensive and showed only a small declining trend (12) .
The research objectives of this study included the evaluation of hospital admissions, treatment methods, and outcomes related to IS in the years 2009 (the year of transition of Poland from LIMC to high income countries group)-2013. Additional goals were the identification of IS mortality risk factors and comparisons with other countries.
MaTerials anD MeThODs source of Data
Data of patients hospitalized due to IS were obtained from the Polish National Stroke Registry (Pol-Stroke Registry). The registry was set up in 2007 in cooperation with the National Health Fund (NHF) under the National Programme for Counteracting Cardiovascular Diseases-Polkard (13). The Pol-Stroke Registry is coordinated by the Polish Institute of Psychiatry and Neurology.
A decision was made to analyze data from 2009 onward because in Poland, a network of stroke units (SU) reporting to the Pol-Stroke Registry had already functioned and an integrated IT medical data collection system was introduced in the NHF in 2009. Otherwise in 2009, the NHF started to refund intravenous recombinant tissue plasminogen activator (rt-Pa) treatment of IS on a national level (before 2009 rt-Pa in IS had only been implemented by individual stroke centers and financed by the Polkard program) (12) .
The Pol-Stroke Registry includes all Polish public hospitals, irrespective of their level (1,019 hospitals with 170 SU in 2013), because NHF is the only health insurer in Poland for in-hospital procedures.
The Pol-Stroke Registry database contains demographic data, as well as information on the time and place of hospitalization, etiology of stroke, recurrence of stroke, performed neuroimaging, applying of rt-Pa treatment and mortality. These data are transferred to the NHF by hospital departments, and the NHF refunds the costs of hospitalization on this basis.
In the Pol-Stroke Registry, the WHO stroke definition is used (13); additionally, a diagnosis of IS has to be confirmed by the exclusion of intracranial hemorrhage in neuroimaging (brain CT or MRI). The classification of stroke in the registry is based on the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD10). Etiology of stroke is defined on the basis of the TOAST classification (14) .
In this article, the analysis included patients aged 18 or older, hospitalized in the years 2009-2013, classified according to the ICD10 as I63.0-I63.9. In case of two or more hospitalizations in the study period, only the first one was taken into account. The number of patients diagnosed with I64 was also specified, but they were excluded from further analyses due to classification difficulties (a lack of brain imaging examination in this group). Patients with no data on follow-up (0.5%) were also excluded from the study.
On the basis of data obtained from the Polish Stroke Registry, the annual hospital admissions rates as well as in-hospital case fatality and 12-month mortality rates were calculated, both crude and standardized by age. A direct method was used to standardize the rates by age. A standard age structure was adopted, the so-called "WHO Standard Population, " identical for men and women, applied by the World Health Organization (15) .
Corresponding standardized annual IS mortality rates for selected Eastern-Central Europe countries were obtained from European Health for All Database (HFA-DB) (16) .
Stroke death predictors were evaluated for the hospitalization period and in the long-term observation (12 months). Precise data on the dates of deaths were obtained from the NHF (inhospital deaths) and Central Statistical Office (posthospital deaths). Deaths in Poland are recorded in these institutions on the basis of a death certificate issued by hospital, general practitioner, or doctor from emergency service.
The access to the Polish Stroke Registry database is possible on demand (by contact with corresponding author).
statistical analysis
Simple associations of continuous variables were performed using the t-test (normality of data was tested with the ShapiroWilk test). Chi-square test was applied in the case of analyses of categorical variables. The multivariate Cox regression models were used to identify the variables predicting death in the acute phase of IS (hospitalization period) as well as in the long-term follow-up (12 months). In this case, hazard ratios, and 95% confidence intervals (CIs) were generated. p-Values were twotailed, and a value of <0.05 was considered to be statistically significant. The variable entry criterion to the Cox model was set to the significance level of p ≤ 0.1, and the variable retention criterion to p < 0.05. Due to the lack of information on the incidence of previous IS in 10% of the subjects, the multiple imputation method for arbitrary pattern of missingness was used to replace the missing values (fully conditional specification discriminant model). The significance of the time trends in the studied years was evaluated using the Cochran-Armitage test (categorical variables) or the Jonckheere-Terpstra test (continuous variables). All statistical analyses were performed using SAS ® 9.4 Foundation software (SAS Institute, Cary, NC, USA). Table 1) . Annual crude (CAR) and standardized by age (SAR) hospital admissions rates of IS patients in Poland, calculated on the basis of the data obtained from Pol-Stroke Registry, are presented in Figure 1 and Table S1 in Supplementary Material. While CAR for both sexes was very similar and did not change in the examined period, SAR significantly decreased (in 2013, SAR was 8% lower compared to 2009-p for trend < 0.001).
The highest percentage (54%) of diagnoses according to ICD10 classification was constituted by the least precise diagnoses: I63.5-cerebral infarction due to unspecified occlusion or stenosis of unspecified cerebral artery, I63.8-other cerebral infarction, I63.9-cerebral infarction, unspecified. In the analyzed period, a significant increase was recorded in the diagnoses of embolic strokes (I63.1 + I63.4). Only occasionally, a stroke caused by venous thrombosis was diagnosed (I63.6-0.15%). There was a twofold decrease (from 5.9 to 3.1%) in the number of I64 diagnoses (stroke, not specified as hemorrhage or infarction) in the years 2009-2013. Table 3 | Baseline characteristics of IVT and no-IVT treated stroke subjects. Among the subjects diagnosed with I63.0-I63.9, the median age was 75 years, IQR 57-93 (women 78, 64-92 vs. men 70, 53-97; p < 0.001). The median age of hospitalized patients was not changing in the analyzed period.
In three quarters of cases, the patients were hospitalized due to their first stroke ( Table 2 ). The 1-year IS recurrence was reduced from 8.6% in 2009 to 7.7% in 2013 (p for trend < 0.001).
Treatment
The percentage of patients hospitalized in SU during the analyzed period was relatively high (more than 80%), and it increased every year (in total by 5.5% between the years 2009 and 2013).
The intravenous thrombolysis was rarely used, and yet, a percentage of patients treated with rt-Pa increased with time (from 1.7% in 2009 to 6.3% in 2013; p for trend < 0.01). The thrombolyzed patients were younger. They were also more often hospitalized in SU. The percentage of patients with first stroke and cardiogenic stroke was significantly higher in the thrombolyzed group than in the non-thrombolyzed group ( Table 3) .
Mortality
On average, 1 in 10 hospitalized persons died within the first 10 days after admission. In-hospital case fatality was 13.6%. For 1, 3-, and 12-month follow-up mortality was 17, 23, and 32%, respectively. In subsequent years, a minimal decrease of in-hospital case fatality was observed; however, posthospital mortality has not changed ( Table 2) .
Annual standardized death rates (SDR) for patients hospitalized due to IS are presented in Figure 2 and Table S1 in Supplementary Material. Only a small declining trend for SDR was observed for hospitalization periods and SU. Overall, SDR has not changed from 2009 to 2013.
In the multivariate analysis (Cox proportional hazards model built from chosen variables presented in Table 4 ), a small yet systematic positive effect for survival probability was noted, especially for first stroke patients and those hospitalized in SU Female sex, receiving thrombolytic treatment and developing stroke in the last years rather than previous ones, also constituted positive prognostic factors. Older age and cardiogenic stroke were negative prognostic factors. These associations were more clear for in-hospital than for posthospital period ( Table 5 ).
DiscUssiOn
This article shows comprehensive national data on hospitalizations and outcome of IS in Poland in the years 2009-2013. The epidemiologic data presented are more complex than before 2009, since they were collected in an integrated manner and according to the established criteria (apart from the IS diagnosis criterion according to WHO, reporting required also: performance of brain imaging-CT or MRI and identification of etiology).
Data presented in the article indicate that IS is still a very significant problem for the Polish medical care and health policy.
In our analysis, we assessed "hospital admissions" rates and not "incidence" rates (there are no Polish data on non-hospitalized strokes). It seems, however, that in Poland, the actual difference between these rates may not be large. In the case of IS, there is very little sudden death in the pre-hospital period (unlike coronary heart disease and hemmorhagic or subarachnoid hemorrhage). In Poland, there is a rule that every patient with stroke requires hospital treatment. Thorough hospital diagnostics of stroke is additionally financed, hence a small number of false-negative cases. From the other site, the number of non-hospitalized strokes can be probably larger in oldest ages but we have no Polish data on that. Ischemic stroke death rates are still high compared with the EU-15. As in the case of SAR, SDR in Poland also exceeds the average value for the EU-15 by more than twice for men and 1.5 times for women. Compared to the EU-28 average, SDR in Poland was about 22% higher (HFA-DB 2014). The number of healthy life years lost in Poland is at least 2.7 times higher than the EU-15 average (2012). A decrease in SDR vs. time is visible, yet very slow. With regard to SDR, Poland is similar to other countries of the region, such as, for example, the Czech Republic or Estonia; however, it can be seen that the fastest rate of decrease in the SDR since 2000 was recorded in Estonia (Figure 3 FigUre 3 | Standardized annual mortality rates (per 100,000) in selected Eastern-Central Europe countries: females (a) and males (b), respectively.
) (16). IS death rates
in Russia and Ukraine are ca. three times higher than in Poland but the analysis of trends is hindered due to incomplete data (16) . What is worth noting is the fact that the 10-days' case fatality essentially does not differ from the average for Western European countries, which suggests a good quality of hospital care and this may be due to the development of SU (1). In the 5-year analyzed period, the number of SU increased by more than 50%. In 2013, their number was 170 (1 SU/220,000 people), in 2007, it was only 111 (1 SU/340,000). In addition, in 2013, more than 90% of SU declared the fulfillment of criteria of type A units (eligible for implementing systemic thrombolysis according to the criteria of the National Stroke Prevention and Treatment Program and EUSI guidelines), whereas in 2007, they constituted only 55% (17) . In 2013, 86% of stroke hospitalizations took place in the SU, which should be considered as a good implementation of the European recommendations for stroke treatment. These organizational changes and gradual improvement in treatment are most likely responsible for decreased trends in total early case-fatality in IS.
Interestingly, over time, the impact of the development of new SU on the mortality from IS seems to be getting smaller. There was a greater decrease of the relevant indicators in 1995-2006 than after 2006 (18) .
The 12-month death rate of patients hospitalized in Poland in 2009-2013, at a level of 32%, should be considered as very high compared to the USA or Western European countries. In our study, it is comparable to Hungary (31%) and Scotland (28%), but significantly higher than in the Netherlands (23%), Finland (21%), Sweden (20%), and Italy (16%) (19) . Posthospital mortality in IS had changed minimally in Poland over the decade. This leads to conclusion, which progress applies mainly to the acute phase of IS. Thus, further actions in poststroke prevention should be addressed in near future.
An important factor is still the insufficient number of conducted diagnostics concerning causes of IS. A number of recognizable cerebral venous thromboses at the maximum level of 0.2% is at least 2.5 times lower than assumptions of, for example, clinical research data (20) . One should, however, note that, as a matter of principle, data from clinical tests are of a better quality than registration data. This is due to the fact that clinical tests are conducted in experienced clinical centers.
In Poland, so-called strokes due to "other" or "unspecified" causes (I63.5,8,9-55% in 2009 and 48% in 2013) are dominant diagnoses in SU. These diagnoses are more common in Poland than, for example, in Germany (54 vs. 44%) (21) . On the other hand, the percentage of cardiogenic strokes, first of all, increases and, second, is at a similar level to other registries and epidemiological studies (22) .
Frequent low-precision diagnoses, such as I63.5,8,9, I64 are a problem that undermines the fulfillment of type A criteria by SU in Poland. It may result from the method of financing hospitalization due to cerebral stroke in Poland-it is the same in the case of codes ranging from I60.0 to I64: a precision is irrelevant here, a consequence is most surely the lack of due diagnostic diligence.
Another significant problem relates to a specific therapydespite a permanent growth in the number of thrombolyzed persons, its percentage is still insufficient (only ca. 6.3% in 2013), whereas it is one of the most important quality indicators of IS treatment. For comparison, in Germany, the percentage of thrombolyzed subjects with IS was 9% in 2009 (23) 
limitations
The analysis of national data is based on the group of hospitalized patients, and it is known that ca. 11% of patients with stroke do not reach hospitals (27). This is, however, not only a Polish limitation. In the Pol-Stroke registry database, there are no strokes that are hospitalized in private hospitals. Such cases are very rare in Poland, since private hospitals do not provide the treatment of stroke. Even in the case of an iatrogenic stroke, the patient is usually transferred to a public unit. The Pol-Stroke Registry does not contain much important information, such as functional status before and after stroke and onset-to-door as well as door-to-needle time. On the basis of data from the registry, it was impossible to determine how the increase in the percentage of persons undergoing thrombolytic treatment was affected by the change in recommendations concerning extending the time window to 4.5 h (28). From the above reasons, the modification of data collected under the registry would be very desirable. One should take account of limitations resulting from using ICD10 and TOAST classifications in the register in the context of diagnosing rare causes of IS. The quality of coding varies from country to country, potentially affecting the value of case ascertainment. The error range related to the encoding of stroke type in the Pol-Stroke registry is difficult to estimate. The NHF controls annually about 1% of public hospitals (including 1-2 SU). In some situations, however, the institution cannot verify the correctness of the diagnosis using its control tools (for example, it can easily distinguish between IS and haemorrhagic stroke, but not stroke mimics). It is difficult to compare casefatality rates between countries since there is no consideration of the demographic structure of the population. Only SDR are relevant in that purpose.
To sum up, Poland has reliable epidemiological data on hospitalizations, treatment, and outcomes of IS from 2009. After transition to EU (2004) and to high income country group (2009), the improvement of the epidemiological situation in Poland is still too slow despite intensive development of the SU network (except in-hospital IS mortality, which is similar to "old EU countries").
